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1. Introduction
  In recent times the number of people reported with health 
problems caused by different forms of cancers, drug-
resistant bacteria, parasitic protozoans and fungi is on the 
increase and is thus a cause for concern[1]. Fungi have 
the potential to produce biologically active secondary 
metabolites and consequently fungal derived natural 
products have primarily served as lead compounds for the 
development of anticancer, antifungal and antibacterial 
agents. It is equally true that their natural products 
have also been used in a host of different applications. 
Interestingly, most currently “new” secondary metabolites 
reported in the literature have been isolated from fungi[1-6]. 
 Examples of fungal secondary metabolites include the 
penicillins and cephalosporins.  Penicillins were discovered 
by Fleming in 1928 and were originally isolated from 
the fungus Penicillium notatum (P. notatum) and are 
still considered to be extremely important antibiotics. 
Penicillin G was initially used on a large scale during 
World War II to treat soldiers wounded on battlefields to 
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stave off infections[7]. On the other hand cephalosporin C 
showed activity towards typhoid fever. Interestingly, the 
4th generation cephalosporins that are currently used to 
treat patients allergic to penicillins as well as their broad 
spectrum of activity and excellent safety profiles, make them 
one of the most widely prescribed class of antimicrobials in 
the world[7].
  We have reported on the isolation of secondary metabolites 
of diverse structures isolated from endophytic fungi and 
these include: xanthones, dihydroxanthones, biaryl ethers 
(phomosines), octadrides, pyrenocine, pestalotheols, 
chromanone derivatives, isocoumarins, anthraquinones, 
epoxycyclohexenes and steroids[1-6]. Some of the secondary 
metabolites isolated by our group showed significant in 
vitro antimicrobial activities. Continuing our work on the 
characterization of structurally novel and/or biologically 
active metabolites from fungal endophyte cultures, we 
found that the EtOAc extract of the culture of Phoma sp. 
isolated from Fucus serratus (F. serratus) showed good 
antifungal activity and good antibacterial and antialgal 
activities. Fractionation of the ethyl acetate extract led 
to the isolation and structural determination of one new 
dihydrofuran derivative, named phomafuranol (1), together 
with three known compounds viz., phomalacton (2), (3R)-5-
hydroxymellein (3), and emodin (4). Details of the isolation, 
structure elucidation, and biological activity of these 
compounds are reported herein.
2. Materials and methods
2.1. General experimental procedures
  Column chromatography was performed with commercial 
silica gel (Merck, 0.040-0.063 mm) and Sephadex LH-
20 (Amersham Biosciences). Analytical and preparative 
thin-layer chromatography (TLC) were performed with 
precoated silica gel plates Merck G60 F-254 or G50 UV-254. 
Optical rotation was recorded with a Perkin-Elmer 241 MC 
polarimeter at the sodium D-line. IR spectra were recorded 
with a Nicolet-510P spectrophotometer. 1H and 13C NMR 
spectra were recorded with a Bruker Avance 500 (500 MHz 
for 1H and 125 MHz for 13C) spectrometer. MS and HRMS were 
recorded in the EI mode with MAT 8200 and Micromass LCT 
mass spectrometers. Microbiological methods and culture 
conditions are as described previously[8,9].
2.2. Culture, extraction, and isolation
  The marine endophytic fungus Phoma sp. was isolated from 
the plant F. serratus internal strain 6282. It was cultivated 
at room temperature for 28 days[8,9] on biomalt solid agar 
medium. The culture media were then extracted with ethyl 
acetate to afford 2.2 g of a residue after removal of the 
solvent under reduced pressure. The extract was separated 
into six fractions by column chromatography (CC) on silica 
gel, using gradients of dichloromethane/ethyl acetate (85:15, 
50:50, 0:100). The six fractions were further  fractionated 
by silica gel column chromatography (CC) and preparative 
TLC with n-hexane/ethyl acetate (9:1, 8:3, and 6:4) to give 
pure phomafuranol (1) (3.5 mg), together with three known 
compounds, phomalacton (2) (40 mg), (3R)-5-hydroxymellein 
(3) (3.6 mg)  and emodin (4) (3.6 mg).
2.3.Phomafuranol (1)
  Colorless solid; Mp: 105-107 曟;[毩]D
25 = -12.9 (c 0.17, 
CH2Cl2); IR (KBr): 3 350, 1 630, 1 555, 1 450, 1 250 cm
-1; 1H-
NMR (200 MHz, CDCl3): 毮 = 1.78 (d, J8,7 = 6.6 Hz, 3H, H-8), 
4.22 (br. dd, J3,2 = 5.9 Hz, 1H, H-2), 5.03 (br. d, J3,2 = 5.9 Hz, 
1H, H-3), 5.54 (ddd, J6,7 = 15.3 Hz, J6,2 = 7.3 Hz, J6,3 = 1.4 Hz, 
1H, H-6), 5.91 (dq, J7,6 = 15.3 Hz, J7,8 = 6.6 Hz, 1H, H-7), 6.22 
(m, 1H, H-4), 7.46 (d, J5,4 = 5.8 Hz, 1H, H-5); 
13
C-NMR (50 MHz, 
CDCl3): 毮 = 18.3 (C-8), 73.9 (C-2), 86.3 (C-3), 123.3 (C-4), 127.7 
(C-6), 132.2 (C-7), 153.8 (C-5); CIMS (iso-Butan, 150 曟): m/z (%)
= 127[M+H+] (2.2); HREIMS: m/z 126.068 0 (Calcd. 126.068 1 for 
C7H10O2).
2.4. Agar diffusion test for biological activity
  Phomalacton, (3R)-5-hydroxymellein, and emodin were 
dissolved in acetone at a concentration of 1 mg/mL. Fifty 
microliters of the solutions (50 毺g) was pipetted onto a 
sterile filter disk (Schleicher & Schuell, 9 mm), which was 
placed onto an appropriate agar growth medium for the 
respective test organism and subsequently sprayed with 
a suspension of the test organism[9]. The test organisms 
were the tram-positive bacterium Bacillus megaterium 
(B. megaterium) (both grown on NB medium), the fungi 
Microbotryum violaceum (M. violaceum), and the alga 
Chlorella fusca (C. fusca) (all grown on MPY medium). 
Reference substances were penicillin, nystatin, actidione, 
and tetracycline. Commencing at the middle of the filter 
disk, the radius of the zone of inhibition was measured in 
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millimeters. These microorgansims were chosen because 
(a) they are nonpathogenic and (b) they had in the past 
proved to be accurate initial test organisms for antibacterial, 
antifungal, and antialgal/herbicidal activities.
3. Results 
  The fungus Phoma sp. that had been cultivated on 
biomalt agar medium for 4 weeks at 21 曟 was subsequently 
extracted with ethyl acetate. The crude extract was 
fractionated on a silica gel column to yield a crude mixture 
containing compounds phomafuranol, phomalacton, (3R)-
5-hydroxymellein, and emodin (Figure 1). Further silica 
column chromatography gave the pure compounds.
Figure 1. Structures of compounds phomafuranol, phomalacton, (3R)-
5-hydroxymellein, and emodin isolated from Phoma sp.
  The molecular formula of phomafuranol was assigned 
C7H10O2 on the basis of HREIMS with a molecular peak at 
m/z = 126.068 0 and 1H and 13C NMR spectral analyses (see 
Experimental). IR absorption bands at 3 400 and 1 620 cm-1 
indicated the presence of an hydroxyl group and C-C double 
bond, respectively. The NMR spectrum (see Experimental) 
exhibits two trans olefinic signals[毮H 5.54 (ddd, J6,7 = 15.3 
Hz, J6,2 = 7.3 Hz, J6,3 = 1.4 Hz, 1H, H-6); 毮C 127.7 (C-6),
毮H 5.91 (dq, J7,6 = 15.3 Hz, J7,8 = 6.6 Hz, 1H, H-7); 毮C 
132.2 (C-7)] and one olefinic methyl signal[毮H 1.78 (d, J8,7 
= 6.6 Hz, 3H, H-8); 毮C 18.3 (C-8)]. Moreover, the 1H NMR 
spectrum also exhibited two olefinic methine proton signals 
at 毮 6.22 (d, J4,5 = 5.8 Hz, 1H, H-4) and 7.46 (d, J5,4 = 5.8 Hz, 
1H, H-5) for those in the furan ring. This is further confirmed 
from signal at 毮 123.3 (C-4) and the downfield signal at 毮 
153.8 (C-5) in the 13C NMR spectrum. Additionally 1H NMR 
spectrum showed two oxygenated methine proton signals 
at 毮 4.22 (br. dd, J3,2 = 5.9 Hz, 1H, H-2) and 5.03 (br. d, J3,2 
= 5.9 Hz, 1H, H-3) and this is also evident from signals at 
毮 73.9 (C-2) and 86.3 (C-3) in the 
13
C NMR spectrum. The 
13
C NMR spectrum of phomafuranol displayed signals for 
seven carbon atoms, and the DEPT spectrum indicates the 
presence of one methyl group and six methine carbons. 
The 1H-1H and 1H-13C connectivity’s were determined 
from the 1H-1H-COSY and HMQC spectra. The correlations 
in the 1H 1H-COSY NMR spectrum were also consistent 
with one dihydrofuran unit and one 1-propene, and the 
interconnections between these units were determined 
through the relevant HMBC correlations (Figure 2).
Figure 2. Key COSY and HMBC correlations for microdiplanol (1).
  The HMBC correlations (Figure 2) between CH3-8 and 
C-6, C-7, and C-8; H-7 and C-2, C-6, and C-8; H-6 and 
C-2, C-7, and C-8 indicate the presence of 1-propene 
moiety in phomafuranol. Moreover HMBC correlations H-2 
to C-3, C-4, C-6, and C-7; H-3 to C-2, C-4, and C-5; H-4 
to C-2, C-3, and C-5; H-5 to C-2, C-3, and C-4 indicated 
the presence of dihydrofuran ring and also confirm the 
attachment of 1-propene side chain to C-2. The structure 
of phomafuranol was definitely determined by 2D NMR 
experiments, giving pertinent COSY and HMBC correlations 
(Figure 2). The relative stereochemistry between C-2 and 
C-3 in phomafuranol was determined by comparison of the 
1
H-NMR coupling constants of phomafuranol with those 
recorded for synthetic dihydrofurans[10,11]. The coupling 
constant between H-2 and H-3 (J=5.9 Hz) indicated that 
H-2 to H-3 must  be cis to each other and that the dihedral 
angle between  H-3/H-4  approaches an angle precluding 
observed coupling between them and thus confirms 
the assignment of the cis configuration of the H-2 and 
H-3. Consequently, the structure was established to be 
(2S,3S,E)-2-(prop-1’-enyl)-2,3-dihydrofuran-3-ol, named 
phomafuranol, after the producing organism, Phoma sp. 
  The antibacterial, fungicidal, and algicidal properties 
of three selected compounds phomalacton, (3R)-5-
hydroxymellein, and emodin are compiled in Table 1 and 
are compared to a number of standard antibiotics and the 
solvent acetone. 
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Table 1
Biological activities of pure metabolites 2-4 against microbial test 
organisms in agar diffusion assay.
Compound
Antibacterial Antialgal Antifungal
Bm Chl Mv
Phomalacton 15   8   6
(3R)-5-Hydroxymellein PI 7   6   5
Emodin   5   6   6
Penicillin 18   0   0
Tetracycline 18 PI 10   0
Nystatin   0   0 20
Actidione   0 35 50
Acetone   0   0   0
aChlorella fusca (Chl), Microbotryum violaceum (Mv), and Bacillus 
megaterium (Bm). Application of pure substances at a concentration 
of 0.05 mg (50 毺L of 1 mg/mL). The radius of zone of inhibition was 
measured in mm. PI = partial inhibition, ie. there was some growth 
within the zone of inhibition.
4. Discussion
  Fungal derived natural products have primarily served 
as lead structures for the development of antibacterial, 
anticancer and antifungal agents. In the present study, 
antimicrobial activity is observed for three pure compounds. 
These three compounds viz., phomalacton, (3R)-5-
hydroxymellein, and emodin were isolated from endophytic 
fungus Phoma sp. 
  The isolated compounds viz., phomalacton, (3R)-5-
hydroxymellein, and emodin were tested in an agar diffusion
assay for their antifungal, antibacterial, and algicidal 
properties towards Microbatryum violaceum, Bacillus 
megaterium, and Chlorella fusca. All the tested compounds 
viz., phomalacton, (3R)-5-hydroxymellein, and emodin have 
good antifungal, antibacterial, and algicidal properties 
towards Microbotryum violaceum, Bacillus megaterium, and 
Cchlorella fusca. It is interesting to note that phomalacton 
showed strong antibacterial activity towards   Gram-positive 
bacterium B. megaterium. 
  Assuming that the metabolites produced in culture are 
also synthesized in planta, they could, for example, play a 
role in inhibiting competitive microorganisms within the 
endophyte’s natural habitat. Additionally, due to the fact 
that a broad range of microorganisms are inhibited, it would 
also be interesting to learn whether phomalacton, (3R)-5-
hydroxymellein, and emodin are generally cytotoxic.
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